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Abstract

Objective: To study the associations between the intake of flavonols and flavones and the risk of cancer.
Methods: The study cohort consisted of 27,110 male smokers, aged 50-69 years, without history of cancer. They
were participants of the Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC) Study in Finland. The men
completed a validated dietary questionnaire at baseline. Incident cases of cancers were identified through national
registers. During an average 6.1-year follow-up, 791 lung cancers, 226 prostate cancers, 156 urothelial cancers, 133
colorectal cancers, 111 stomach cancers, and 92 renal cell cancers were diagnosed.

Results: Intake of flavonols and flavones was inversely associated with the risk of lung cancer; multivariate relative
risk in the highest vs. the lowest quartile 0.56, 95% confidence interval 0.45-0.69, p for trend 0.0001. The risk was
similar in all histological types of lung cancer. No association was found between flavonol and flavone intake and
the risk of other cancers.

Conclusions: Intake of flavonols and flavones seemed to be inversely associated with the risk of lung cancer, but not

with that of other cancers.

Introduction

Flavonols and flavones, especially quercetin, have prov-
en to be anticarcinogenic substances [1-6]. Quercetin
seems to be a strong in-vitro antiproliferative agent
against colorectal, ovarian, lymphoid, and breast cancer
cells [1, 2]. Quercetin has also been shown to inhibit
carcinogen-induced mammary, colonic, oral, and lung
neoplasia in rodents [7-10] and DNA adducts in human
hepatoma cells [11]. The anticarcinogenic property of
flavonols and flavones is most frequently attributed to
their antioxidant activity. They can act as antioxidants
in several ways: chelating metals and serving as reducing
agents, scavenging reactive oxygen species, breaking
oxidative chain reactions, quenching the formation of
singlet oxygen, and protecting vitamin C from oxidation
[12]. Flavonols and flavones can also affect various
metabolic pathways; e.g. activation of proteolytic en-
zymes [13]. Furthermore, quercetin is shown to induce
chromatin condensation and apoptosis in some cancer

cells [2, 14, 15]. Some flavonols and flavones are also
potent inhibitors of enzymes involved in signal trans-
duction in cells, e.g. protein kinase C, tyrosine kinases,
and lipid kinases [13].

On the other hand, flavonoids can also act as pro-
oxidants [16, 17]. In addition, quercetin has in one study
stimulated oral squamous carcinoma cell growth and
DNA synthesis [18], and in another potentiated the
mutagenic effect of heterocyclic aromatic amines in
murine liver [19].

There are only three cohort studies on the association
between the intake of flavonols and flavones and the risk
of cancers [20-22], and only one of them found an
inverse association [22]. The results have also been
contradictory in case—control studies [23-28]. Therefore
more studies, especially cohort studies, are necessary to
understand the role of flavonols and flavones in the
development of cancer. We investigated the association
between the intake of flavonols and flavones and the risk
of several cancers in a cohort of male smokers.
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Materials and methods
Alpha-tocopherol, beta-carotene cancer prevention study

The Alpha-Tocopherol, Beta-Carotene Cancer Preven-
tion (ATBC) Study was a double-blind, placebo-con-
trolled, primary prevention trial undertaken to determine
whether supplementation with a-tocopherol, ff-carotene,
or both would reduce the incidence of lung cancer in male
smokers. The rationale, design, and methods of the
study, as well as the characteristics of the participants,
have been described in detail elsewhere [29].

Participants of the ATBC study were recruited in
1985-1988 from the total male population aged 50—
69 years in southwestern Finland (n = 290,406). To be
eligible the subjects had to be smokers of at least five
cigarettes per day at entry and give written informed
consent. Exclusion criteria included a history of cancer
or other serious disease limiting long-term participation;
use of vitamin E, vitamin A, or fi-carotene supplements
in excess of predefined doses; and treatment with
anticoagulant agents.

Eligible men (n = 29,133) were randomized into one
of four supplementation regimens: a-tocopherol alone
(daily dose 50 mg), f-carotene alone (20 mg), o-toco-
pherol and f-carotene, or placebo. Trial follow-up con-
tinued for 5-8 years (median 6.1 years).

Baseline measurements

At baseline the men completed a questionnaire on
general background characteristics, and medical and
smoking histories. Height and weight were measured,
and serum samples were collected and stored at —70 °C.
A chest X-ray was taken to exclude existing lung cancer.

Dietary assessment

Diet was assessed at baseline using a self-administered,
modified diet history method [30]. The diet question-
naire included 276 food items and mixed dishes. It was
used with a portion-size picture booklet of 122 photo-
graphs of foods, each with three to five different portion
sizes. The subject was asked to report the frequency of
consumption and the usual portion size of foods during
the previous 12 months. Frequencies were reported as
the number of times per month, week, or day. At the
first baseline visit the questionnaire, along with the
picture booklet, was given to the subject to be completed
at home. At the second baseline visit, 2 weeks later, the
questionnaire was returned, reviewed, and completed
together with a study nurse. The questionnaire was
satisfactorily completed by 27,110 participants (93%).
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Food-consumption data were computed into daily
nutrient intake values based on the food composition
database and related software at the National Public
Health Institute, Finland. Flavonol and flavone content
of foods are based mainly on composition analyses done
by Hertog and colleagues [31, 32]. The flavonol content
of berries is, however, based on Finnish analyses [33].
Onions were included in intake calculation through
recipes. White and red wine were not asked separately in
the questionnaire; thus it was supposed that half of the
wine was white and the other half red. This estimate was
derived from Finnish alcohol consumption statistics.
Total flavonol and flavone intake was calculated as the
sum of intakes of quercetin, kaempherol, myricetin,
luteolin, and apigenin. Of these quercetin, kaempherol,
and myricetin are flavonols and luteolin and apigenin
are flavones. Quercetin comprised 85.1%, kaempherol
5.7%, myricetin 8.4%, luteolin 0.3%, and apigenin
0.5% of the total intake of flavonols and flavones.

The dietary method was validated in a pilot study
carried out among 190 men prior to the ATBC study
[30]. The men completed the questionnaire first and then
kept food records for 24 days, spread over 6 months, as
the reference method. They filled in the questionnaire
again at the end of the study. The energy-adjusted
Pearson correlations between the first and second
questionnaires and food records were 0.59 and 0.66,
respectively, for flavonols and flavones.

Ascertainment of endpoints

This study included all incident cases of lung cancer
(n="791), bladder cancer and cancers of the ureter and
renal pelvis (urothelial cancers, n=156), renal cell
cancer (n=92), prostate cancer (n=226), colorectal
cancer (n=133), and stomach cancer (n=111) diag-
nosed between May 1985 and April 1993, and identified
through the Finnish Cancer Registry and the Register
of Causes of Death. The medical records of each case
were centrally reviewed by study physicians, including
oncologists, to confirm diagnoses. Histopathologic and
cytologic specimens were also obtained for central
review.

Statistical analysis

Participants contributed follow-up time from the date
of randomization until first cancer, death, or end of trial
(30 April 1993). Intake of flavonols and flavones, and
nutrients were log-transformed and then energy-adjusted
by the regression residual method [34]. Alcohol intake was
not energy-adjusted. Men were grouped into quartiles of
energy-adjusted intakes of flavonols and flavones, and
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nutrients. Proportional hazards models were used to
estimate relative risks (95% confidence intervals) of
cancers associated with different intake levels of flavonols
and flavones. The relative risks were adjusted for age,
supplementation group, and in smoking-related cancers,
also for years of smoking and number of cigarettes daily
(lung, renal cell, and urothelial cancers). The risks were
further adjusted for other potential risk factors: educa-
tion, and dietary intakes of f-carotene, folic acid, and
vitamins C and E. Tests for linearity of the trend were
obtained from the Wald test by treating median values of
each quartile as continuous variables in the proportional
hazards model. The main analyses were repeated for lung
cancer in the placebo group of the trial cohort, whereas
the numbers of other cancers were too small for meaning-
ful analyses in the placebo group alone.

Results

Baseline characteristics of cancer cases and non-cases
are presented in Table 1. Cancer cases of all cancers
were older than the non-cases. Lung cancer cases were
less educated, and prostate cancer cases more educated

Table 1. Baseline characteristics of study participants by cancer®
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than non-cases. In addition, there were fewer tea or
wine drinkers among lung cancer cases than among non-
cases. Median intake of flavonols and flavones was lower
in cases of lung and renal cell cancer than in non-cases,
whereas for other cancers, no difference was found.
Lung cancer cases had lower consumption of vegetables,
fruits, and berries than non-cases.

Intake of flavonols and flavones was inversely asso-
ciated with the risk of lung cancer (Table 2). The relative
risk (RR) was 0.56 (95% confidence interval (CI) 0.45—
0.69, p for trend 0.0001) in the highest vs. the lowest
quartile, adjusted for age, supplementation group,
number of cigarettes smoked daily, and years of
smoking. After further adjustment for education, and
intakes of folic acid, vitamin C, and beta-carotene, the
relative risk was changed only slightly (RR 0.61, 95% CI
0.48-0.77, p for trend 0.0001). The association in the
placebo group was similar to that of the whole cohort
(multivariate RR 0.50, 95% CI 0.31-0.80, p for trend
0.0009). Relative risks for different histological types of
lung cancer were similar (Table 3). Of the individual
flavonols and flavones, quercetin (RR 0.63, 95% CI
0.52-0.78, p for trend 0.0001), myricetin (RR 0.68, 95%
CI 0.55-0.84, p for trend 0.0001), and kaempherol (RR
0.61, 95% CI 0.50-0.75, p for trend 0.0001) were

Characteristics No cancer Lung cancer Urothelial Renal cell Prostate Colorectal Stomach
cancer cancer cancer cancer cancer
No. 25,643 791 156 92 226 133 111
Median of
Age (years) 56.9 60.4 60.4 59.1 61.9 59.4 58.9
Smoking (years) 37 40 38 38 37 37 37
No of cigarettes per day 19 20 20 20 17 18 19
Body mass index (kg/m?) 26.0 25.2 25.6 26.6 26.2 26.1 25.8
Percentage of group
Education (>11 years) 10.5 6.1 9.1 11.6 18.0 7.8 10.1
Wine drinkers 11.5 8.8 7.7 10.7 10.2 13.9 9.5
(>1 glass) per week
Tea drinkers (>1 cup) per day 16.9 11.6 13.7 15.6 16.9 22.9 23.8
Median daily intake of
Flavanols and flavones (mg) 8.1 6.9 8.0 7.0 8.3 8.5 8.9
Energy (kcal) 2730 2640 2680 2730 2700 2830 2600
Fiber (g) 243 224 239 23.9 23.5 24.8 23.6
Alcohol (g) 11.3 11.8 7.0 9.7 11.8 12.5 11.0
Vitamin C (mg) 88.3 81.3 96.9 88.4 86.6 93.7 88.2
Vitamin E (mg) 10.8 9.9 10.8 10.6 10.6 11.9 10.2
Folic acid (g) 326 309 336 325 310 326 320
p-carotene (ug) 1710 1610 2040 1780 1750 1740 1590
Median daily consumption of
Vegetables (g) 94.5 84.0 114.1 100.2 88.6 101.7 92.6
Fruits (g) 70.7 59.2 79.7 72.0 74.9 83.0 85.5
Berries (g) 26.4 22.5 22.3 22.3 31.0 25.7 31.5

# Directly age-standardized to distribution of entire cohort.
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Table 2. Intake of flavonols and flavones, and relative risks (RR, 95% confidence intervals) of smoking-related cancers
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Quartile of intake p for trend
1 2 3 4
Median intake (mg/day) 4.2 6.7 9.6 16.3
Lung cancer
Number of cases 257 226 185 123
Age-adjusted RR? 1.0 0.91 (0.76-1.1) 0.74 (0.62-0.90) 0.50 (0.40-0.62) 0.0001
Multivariate RR® 1.0 0.95 (0.80-1.1) 0.81 (0.67-0.98) 0.56 (0.45-0.69) 0.0001
Urothelial cancer
Number of cases 32 47 39 38
Age-adjusted RR? 1.0 1.4 (0.90-2.2) 1.2 (0.73-1.8) 1.1 (0.71-1.8) 0.88
Multivariate RR® 1.0 1.4 (0.91-2.2) 1.2 (0.75-1.9) 1.2 (0.73-1.8) 0.77
Renal cell cancer
Number of cases 33 20 19 20
Age-adjusted RR?* 1.0 0.60 (0.35-1.1) 0.61 (0.35-1.1) 0.61 (0.35-1.1) 0.07
Multivariate RR® 1.0 0.61 (0.35-1.1) 0.63 (0.36-1.1) 0.63 (0.36-1.1) 0.10

% Adjusted for age and supplementation group.

® Adjusted for age, supplementation group, years of smoking, and number of cigarettes per day.

Table 3. Intake of flavonols and flavones, and relative risk® (95% confidence intervals) of lung cancer by histological type

Quartile of intake p for trend
1 2 3 4
Median intake (mg/day) 4.2 6.7 9.6 16.3
Squamous cell (n = 344) 1.0 0.98 (0.76-1.3) 0.78 (0.58-1.0) 0.43 (0.30-0.61) 0.0001
Small cell (n = 173) 1.0 1.1 (0.72-1.5) 0.76 (0.50-1.2) 0.63 (0.41-0.99) 0.02
Adenocarcinoma (n = 131) 1.0 0.65 (0.41-1.0) 0.88 (0.57-1.4) 0.51 (0.30-0.85) 0.03
Other or unknown (n = 143) 1.0 1.1 (0.73-1.7) 0.88 (0.55-1.4) 0.85 (0.54-1.4) 0.35

% Adjusted for age, supplementation group, years of smoking, and number of cigarettes per day.

significantly inversely associated with the risk of lung
cancer, whereas no associations were observed for
luteolin and apigenin.

The risk of renal cell cancer was 40% lower, albeit not
significantly, from the second to the fourth quartile of
flavonol and flavone intake as compared with the lowest
intake (Table 2). No association was found between the
risk of urothelial cancer and the intake of flavonols and
flavones.

Cancers of the prostate or stomach were not associ-
ated with the intake of flavonols and flavones (Table 4).
The risk of colorectal cancer was significantly higher in
the highest quartile of intake than in the lowest, but the
association was not linear.

In food group analysis, the consumption of vegeta-
bles, fruits, and berries was inversely associated with the
risk of lung cancer (Table 5). In addition, the risk of
lung cancer was lower among those who drank on
average at least one cup of tea per day or one glass of
wine per week as compared with those drinking less.
When flavonol and flavone intake was added to food

group models the association between the risk of lung
cancer and the consumption of vegetables was attenu-
ated to some extent (RR 0.79, 95% CI 0.63-0.99, p for
trend 0.04), whereas for other food the associations
became non-significant. In all these models the intake of
flavonols and flavones retained its significance. In a
multivariate model which simultaneously included all
foods (vegetables, fruits, berries, tea, wine), the relative
risks of lung cancer were similar to those when foods
were included one at a time to the model, except for
fruits and berries, for which the association became non-
significant.

Discussion

We observed an inverse association between the intake
of flavonols and flavones and the risk of lung cancer in
male smokers. The association was similar for all main
histological types of lung cancer. Inverse associations
between the main flavonol and flavone sources, vegeta-
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Table 4. Intake of flavonoles and flavones, and relative risks® (RR, 95% confidence intervals) of cancers not related to smoking

Quartile of intake p for trend
1 2 3 4
Median intake (mg/day) 4.2 6.7 9.6 16.3
Prostate cancer
Number of cases 51 57 57 61
RR 1.0 1.1 (0.78-1.6) 1.2 (0.80-1.7) 1.3 (0.87-1.8) 0.24
Colorectal cancer
Number of cases 26 38 27 42
RR 1.0 1.5 (0.89-2.4) 1.1 (0.62-1.8) 1.7 (1.0-2.7) 0.10
Stomach cancer
Number of cases 29 25 24 33
RR 1.0 0.87 (0.51-1.5) 0.92 (0.54-1.6) 1.2 (0.71-1.9) 0.51

Table 5. Consumption of foods rich in flavonols and flavones, and
relative risk” (RR, 95% confidence intervals) of lung cancer

Number of cases RR (95% CI)

Vegetables®

<59 g/day 246 1.0
59-94 g/day 218 0.99 (0.82-1.2)
95-142 g/day 192 0.88 (0.73-1.1)
>142 g/day 135 0.67 (0.55-0.83)
p for trend 0.0002
Fruits®
<32 g/day 239 1.0
32-70 g/day 204 0.91 (0.76-1.1)
71-120 g/day 197 0.91 (0.75-1.1)
>120 g/day 151 0.73 (0.60-0.90)
p for trend 0.005
Berries®
<12 g/day 222 1.0
12-26 g/day 211 0.98 (0.81-1.2)
2749 g/day 183 0.88 (0.72-1.1)
>49 g/day 175 0.83 (0.68-1.0)
p for trend 0.03
Tea
Less than one 696 1.0
cup (170 ml)/day
At least one cup/day 95 0.66 (0.54-0.82)
Wine
Less than one glass 730 1.0
(120 ml)/week
At least one glass/week 61 0.70 (0.54-0.91)

% Adjusted for age, supplementation group, years of smoking, and
number of cigarettes per day.
® Classification based on quartiles.

bles, fruits, berries, tea, and wine, and lung cancer risk
were also observed. Intake of flavonols and flavones had
no consistent association with the risk of other cancers.

Our study has many strengths. Its prospective nature
eliminated bias in dietary recall due to disease. The

% Adjusted for age and supplementation group.

sizeable cohort with a long follow-up provided the large
number of cancer cases necessary to detect small
differences in cancer risk. The cases were identified
through the Finnish Cancer Register, which has almost
100% case ascertainment [35]. Since lung cancer was the
primary endpoint in the ATBC study, special efforts
were undertaken to promote its detection. At baseline a
chest X-ray was taken to exclude existing lung cancers
and the chest X-ray was repeated every 28 months, and
at the end of the study, to enhance detection of lung
cancer.

The biggest weakness of our study was with the
validity and accuracy of flavonol and flavone intake.
Since the food-frequency questionnaire was not de-
signed to estimate the intake of flavonols and flavones,
two foods are problematic: wine and onions. Red and
white wines, which differ greatly in their flavonol and
flavone content, were not asked about separately in the
food-frequency questionnaire. This, however, does not
cause a very large bias, since on average only 1.9% of
flavonols and flavones are derived from alcoholic
beverages. The second problem is onions. Onion intake
is mostly as a spice in recipes, which is assumed to be the
same for everybody. Nevertheless, a large variation
could exist in the use of onions in cooking; some persons
abstain from using onions for either medical reasons
(e.g. gallstones, dyspepsia, flatulence, irritable bowel
disease) or other reasons (e.g. aversion). In these cases,
the intake of quercetin is overestimated. This problem
exists not only in our study, however, but in most
studies that use food-consumption data.

Results of the association between the flavonol
and flavone intake and the risk of cancer in epidemio-
logic studies have been inconsistent. In an ecological
study comparing 16 cohorts in seven countries the
intake of flavonols and flavones was not associated with
cancer mortality [36]. In case—control studies inverse



794

associations have been observed between the flavonol
and flavone intake and the risk of gastric cancer [25],
upper aerodigestive tract cancer [26], and lung cancer
[27], and between the quercetin intake and lung cancer,
especially squamous cell carcinoma [28]. However, in
other case—control studies no association was seen
between the intake of any flavonols or flavones and
the risk of lung cancer [23] or bladder cancer [24].

Three published prospective studies have investigated
the association between flavonol and flavone intake and
the risk of cancer. In a Dutch cohort study of 738 men,
no association was observed between intake and the
incidence of cancer or mortality from all causes [20]. In a
cohort of 9959 Finns, an inverse relationship was found
between the intake and the risk of lung cancer, RR 0.54
(95% CI1 0.34-0.87) [22]. In a study carried out in South
Wales, consisting of 2512 men, flavonol and flavone
intake was unrelated to the risk of cancer death [21].
Thus, some evidence exists from previous studies in
support of an inverse association between flavonol and
flavone intake and lung cancer, in line with the present
findings. Experimental research also gives some support
to the possible beneficial effect of flavonols and flavones
in lung cancer; quercetin has in many studies inhibited
the carcinogenic action of polycyclic aromatic hydro-
carbons [7, 11, 37-42], which form the major group of
carcinogens in tobacco smoke.

The association between tea consumption and the risk
of lung cancer has been investigated in several studies.
Of the three case—control studies, the first showed an
inverse association between tea drinking and the risk of
lung cancer [43]. The second indicated that regular tea
drinking was directly associated with risk, while deca-
ffeinated tea drinking was inversely associated with risk
[44]. In the third study, no relation was found between
tea drinking and risk [28]. Of the four prospective
studies, three showed no association with lung cancer
risk [44-46], and in one tea drinking was associated
directly with all-cause cancer mortality [47]. Thus,
previous epidemiologic studies do not support our
results showing decreased risk of lung cancer with
increased tea consumption.

It could be argued that the inverse association with tea
is due not to flavonols and flavones, but to catechins,
since the amount of catechins in tea is much higher than
that of flavonols and flavones. However, experimental
research does not support this idea, since quercetin, and
other flavonols and flavones, are found to have stronger
anticarcinogenic properties than catechins [1-6]. Fur-
thermore, in our study, intake of flavonols and flavones
retained its significance even after adjusting for con-
sumption of tea, whereas tea lost its significance after
adjusting for flavonols and flavones. This indicates that
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intake of flavonols and flavones has an independent
association with the risk of lung cancer, while at the
same time mediating the inverse association between tea
drinking and lung cancer risk.

The lower risk of lung cancer in wine drinkers was
probably not due to flavonols and flavones in wine, since
wine drinkers obtained on average only 0.2 mg flavonols
and flavones from alcoholic beverages. Neither was
the total intake of flavonols and flavones a plausible
explanation for the lowered risk in wine drinkers,
because the difference in flavonol and flavone intake
was only 3 mg/day between those drinking on average at
least one glass of wine per week and those drinking less
[48]. Wine drinkers are a very specific group of people in
Finland — they tend to be more highly educated and
urban-dwelling than those who do not drink wine. Thus,
although several background factors were taken into
account in risk estimates, some residual confounding
probably remained. The most likely explanation for the
lowered risk of lung cancer among wine drinkers is
differences in other lifestyle factors.

The evidence for the lowered risk of cancer with high
consumption of vegetables, fruits, and berries is quite
consistent, particularly for lung cancer [49]. Flavonols
and flavones are not, however, the only compounds
which might account for these associations. For exam-
ple, carotenoids, coumarins, isothiocyanates, and allium
compounds could lie behind these associations. This is
supported by our findings, since the risk of lung cancer
was attenuated only slightly after adjustment for intake
of flavonols and flavones.

In conclusion, high intake of flavonols and flavones
was related to a lowered risk of lung cancer, but not to
other cancers in male smokers. In addition, consump-
tion of foods rich in flavonols and flavones, especially
tea and vegetables, was inversely associated with the risk
of lung cancer. Additional large-scale prospective stud-
ies are needed, however, to determine the role of
flavonols and flavones in the etiology of cancer.
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